INTRODUCTION
============

Distal radius fractures are the most common lesions of the upper limb, accounting for 10-12% of all human skeletal fractures.[@B1] Organizing fractures into widely recognized classifications is important for determining and planning treatment options.[@B2] A number of authors have attempted to simplify the current classification systems available, despite the challenges of obtaining excellent reliability, guaranteeing ideal treatment and predicting prognoses.[@B3]

Technological evolution of new imaging exams and research on improved radiographic views has furthered understanding of fracture patterns, articular involvement and allowed detailed observation of fragments hitherto not well visualized on traditional radiographic views. This advance has led to questioning of the current classifications in use, the criteria for instability, recommended treatments and prediction of prognoses.

Pruit et al.[@B4] showed that computed tomography (CT) can disclose the involvement of the distal radio-ulnar joint in fractures better than radiographic imaging. In addition, the authors hold that CT is a highly useful exam for enhanced diagnostic elucidation, enabling easier and more reliable classification.

Given that the majority of classification systems used worldwide are based on observation of plain radiographs in two views, and drawing on previous studies by the Hand Surgery and Microsurgery Group investigating the influence of computed tomography on classifications and on treatment options for distal radius fractures,[@B5] it was decided to propose a classification based on intra-articular fragments observed in tomographic images on sagittal, coronal and axial planes.

MATERIAL AND METHODS
====================

A descriptive study of a tomographic classification for distal radius fractures was performed by observing radiographic and tomographic images from patients seen at a Hand Surgery Service in Santa Casa de São Paulo between June 2012 and October 2015. The study was approved by our Institution Review Board (IRB) and Research Ethics Committee with protocol number 571.246. This study exempts the Term of Free and Informed Consent.

Images were included from patients aged over 18 years, irrespective of gender, ethnicity or laterality, and who had radiographs for the four projections taken on admission (posteroanterior - PA; profile - P; 45º semi-pronated oblique- PO; 45º semi-supinated oblique - SO) as well as sagittal, axial and coronal tomographs. Patients who were skeletally immature or had inappropriate or insufficient images were excluded.

Related literature data on the main classifications in use and the key parameters determining the severity, instability and irreducibility of distal radius fractures were reviewed. Most of these are reported based on the observation of radiographic images. For the proposal classification, these were assessed in depth and correlated with tomographic images in coronal, sagittal and axial cross-sections.

After tomographic interpretation of the traits of each fracture, the cases were grouped by similarity according to the presence of spacing and misalignment of the radiocarpal articulation and/or distal radio-ulnar articulation, to angulations and loss of radial height, fragmentation and articular depression, existence of radiocarpal and perilunate dislocations, and according to the treatment method recommended in the literature. Lastly, descriptive statistical analysis was carried out and the results obtained were transcribed in the form of a tomographic classification, and schematic drawings of the possible groups and subgroups were devised.

After assessment of the tomographic images on coronal, sagittal and axial planes of 74 cases of patients with distal radius fractures, a tomographic classification was devised for the intra-articular distal radius fractures comprising 3 major groups and organized in increasing order of severity of fracture pattern, treatment complexity, and determination of prognosis. Fractures in the first group exhibited no articular displacement or if present, this had spacing between articular fragments \< 2mm; the second group included fractures with articular displacement ≥ 2mm; while the third group contained any intra-articular radiocarpal fracture associated with dislocation. Below, each group and subgroup are outlined in detail along with their respective particularities.

Group I Fractures - Without articular displacement
--------------------------------------------------

Encompass all intra-articular distal radius fractures whose spacing between articular fragments is \< 2mm. These are divided into three sub-groups:

IA - Intra-articular fractures with involvement of the distal radio-ulnar or radiocarpal joint. These have single or multiple fracture lines in the distal radio-ulnar or radiocarpal articulation with spacing between fragments \< 2mm, without dorsal angulation ≥ 20º. These fractures do not exhibit radial shortening ≥ 9mm. ([Figure 1](#f1){ref-type="fig"}A-C)

Figure 1Tomographic images on coronal (A), sagittal (B) and axial (C) planes depicting intra-articular radiocarpal fracture of the distal end of the radius, without displacement, from subgroup IA.

IB - Intra-articular fractures with involvement of both the distal radio-ulnar and radiocarpal joint. These have single or multiple fracture lines in both articulations, with spacing between fragments \< 2mm, without dorsal angulation ≥ 20º. These fractures do not exhibit radial shortening ≥ 9mm. ([Figure 2](#f2){ref-type="fig"}A-C)

Figure 2Tomographic images on coronal (A), sagittal (B) and axial (C) planes depicting intra-articular radiocarpal and distal radio-ulnar fracture of the distal end of the radius, without displacement, from subgroup IB.

IC - Intra-articular fractures with involvement of both the distal radio-ulnar and radiocarpal joints. These have single or multiple fracture lines in both articulations, with spacing between fragments \< 2mm. They have single or multiple metaphyseal fragments, with dorsal angulation ≥ 20º and/or radial shortening ≥ 9mm. ([Figure 3](#f3){ref-type="fig"}A-C)

Figure 3Tomographic images on coronal (A), sagittal (B) and axial (C) planes depicting intra-articular radiocarpal and distal radio-ulnar fracture of the distal end of the radius, associated with metaphyseal fragment, fragmented, with angulation and radial shortening, from subgroup IC.

Group II Fractures - With articular displacement
------------------------------------------------

Encompass all intra-articular distal radius fractures whose spacing between intra-articular fragments is ≥ 2mm. These are divided into three sub-groups:

IIA - Intra-articular distal radio-ulnar and/or radiocarpal fractures with spacing between articular fragments ≥ 2mm, without dorsal angulation ≥ 20º. These fractures do not exhibit radial shortening ≥ 9mm. ([Figure 4](#f4){ref-type="fig"}A-C)

Figure 4Tomographic images on coronal (A), sagittal (B) and axial (C) planes depicting intra-articular radiocarpal and distal radio-ulnar fracture of the distal end of the radius, with spacing between articular fragments ≥ 2 mm, without angulation and without loss of radial height ≥ 9mm, from subgroup IIA.

IIB - Intra-articular distal radio-ulnar and/or radiocarpal fractures with spacing between articular fragments ≥ 2mm, associated with single or multiple metaphyseal fragments, and dorsal angulation ≥ 20º. May be associated with radial shortening ≥ 9mm. ([Figure 5](#f5){ref-type="fig"}A-C)

Figure 5Tomographic images on coronal (A), sagittal (B) and axial (C) planes depicting intra-articular radiocarpal and distal radio-ulnar fracture of the distal end of the radius, with spacing between articular fragments ≥ 2 mm, associated with metaphyseal fragment with angulation \> 20º and radial shortening \> 9mm, from subgroup IIB.

IIC - Intra-articular distal radio-ulnar and/or radiocarpal fractures with depression of the scaphoid and lunate fossae and/or sigmoid notch, irrespective of the presence of dorsal angulation and/or radial shortening. ([Figure 6](#f6){ref-type="fig"}A-C)

Figure 6Tomographic images on coronal (A), sagittal (B) and axial (C) planes depicting intra-articular radiocarpal and distal radio-ulnar fracture of the distal end of the radius, with spacing between articular fragments \> 2 mm, associated with depression of the scaphoid fossa, from subgroup IIC.

Group III Fractures - Fractures-dislocations
--------------------------------------------

Encompass all intra-articular fractures of the distal end of the radius associated with dislocation of the radiocarpal or perilunate articulation of the carpus. May or may not have spacing between fragments, angulations, radial shortening or cortical depression. These are divided into three sub-groups:

IIIA - Intra-articular radiocarpal fractures with dorsal subluxation. May be associated with intra-articular distal radio-ulnar fracture. ([Figure 7](#f7){ref-type="fig"}A-C)

Figure 7Tomographic images on coronal (A), sagittal (B) and axial (C) planes depicting intra-articular radiocarpal and distal radio-ulnar fracture of the distal end of the radius associated with radiocarpal dorsal dislocation, from subgroup IIIA.

IIIB - Intra-articular radiocarpal fractures with volar subluxation. May be associated with intra-articular distal radio-ulnar fracture. ([Figure 8](#f8){ref-type="fig"}A-C)

Figure 8Tomographic images on coronal (A), sagittal (B) and axial (C) planes depicting intra-articular radiocarpal and distal radio-ulnar fracture of the distal end of the radius associated with radiocarpal volar dislocation, from subgroup IIIB.

IIIC - Intra-articular radiocarpal and/or distal radio-ulnar fracture associated with perilunate dislocation of the carpus. ([Figure 9](#f9){ref-type="fig"}A-C)

Figure 9Tomographic images on coronal (A), sagittal (B) and axial (C) planes depicting intra-articular radiocarpal fracture associated with trans-scaphoid perilunate dislocation of the carpus, from subgroup IIIC.

RESULTS
=======

The tomographic classification proposal has the advantage of encompassing the known intra-articular patterns into only three groups, comprising nine logical easy-to-memorize possibilities in increasing order of severity of articular involvement. ([Figure 10](#f10){ref-type="fig"})

Figure 10Schematic Drawing of the Tomographic Classification of the Hand Surgery Group of the hospital where the research was conducted.

A total of 74 cases of patients with distal radius fractures were classified. All of the fractures had involvement of the radiocarpal joint, distal ulnar-radial joint or both. The most prevalent fracture pattern was subgroup IIB (33 cases), i.e. fractures with spacing between articular fragments ≥ 2mm associated with metaphyseal fragments and angulation ≥ 20º and/or radial shortening ≥ 9mm, followed by subgroups IC (15 cases) and IIC (11 cases). The least prevalent patterns were subgroups IA, IB, IIIA and IIIC, all of which had only two cases each.

With regard to the groups, Group II fractures proved the most frequent (46 cases), followed by Group I (19 cases) and Group III (9 cases).

Concerning patient age, mean age was 47.91 years overall (minimum 21 years and maximum 90 years), 54.63 years for Group I, 47.58 years for Group II and 34.55 years for Group III.

DISCUSSION
==========

The emphasis placed on fracture classification systems in Orthopedics is explained by the fact that these can help dictate treatment and prognosis. Consequently, it is paramount that such systems are both reliable and reproducable.[@B5]

Computed tomography (CT) provides useful information for operative planning and can sometimes lead the surgeon to change a conservative approach in favor of surgical treatment due to the technique´s greater reliability in quantifying intra-articular fragments compared with plain radiographs.[@B6] CT also yields additional information on articular misalignment, involvement of scaphoid and semi-lunate fossae and metaphyseal defects.[@B4]

Cole et al.[@B7] stated that CT can be considered an adjuvant method, facilitating classification and treatment indication in fractures of the distal end of the radius. These authors reported that the complementary use of CT in more complex cases helps determine articular involvement, misalignment and fragmentation. This previous study was pivotal in the adoption of a new conception regarding classification based on tomography.

Our tomographic classification system is comprised by essentially articular distal radius fractures and does not cover extra-articular fractures, based on the premise that radiographic images on postero-anterior, profile, semi-pronated oblique and semi-supinated oblique views are invariably sufficient for diagnosing these lesions.

Rozental et al.[@B8] hold that CT has the advantage of more accurately revealing fractures of the sigmoid notch in 65% of cases. Our proposal classification includes the presence of articular involvement and spacing of both the radiocarpal and distal radio-ulnar joints. Moreover, under the new system proposal, the presence of depression of the sigmoid notch and semi-lunate and scaphoid fossae are regarded as a specific subgroup, since our in-depth analysis revealed that tomographic images allow clearer elucidation and quantification of irreducible impacted fragments.

Nowadays, it is clear that the paradigm of population aging is undergoing major changes, owing to the greater dissemination of the deleterious effects of sedentarism and smoking, and also through the incentive to change habits and life style to include a healthier diet and practice physical activities. These recommendations play a key role in preserving bone quality, and therefore we do not regard chronological age as an instability factor.

After observation of the tomographic images of the 74 cases of the present sample, some parameters were considered irreducible, including:

a\) Depression of the scaphoid and semi-lunate fossae and of the sigmoid notch: considered irreducible owing to the impossibility of returning the fracture fragments to their previous anatomic positions using closed reduction maneuvers and ligamentotaxis alone. We broadened this concept to include similar depression of the scaphoid fossa and sigmoid notch (Group II, subgroup IIC). Failure to recognize articular depressions can lead to collapse of the radiocarpal joint, with greater prevalence of osteoarthrosis, chronic pain and limitation in range of motion.

b\) Fracture-dislocation (dorsal radiocarpal, volar radiocarpal and perilunate): in Orthopedics, acute dislocations after trauma are known to be serious lesions with reserved prognosis that require immediate reduction of the joint. In the present classification, fractures-dislocations are pooled together in Group III, and are therefore deemed more serious than the other groups.

Under our tomographic classification, all fractures with articular spacing ≥ 2mm are included in Group II, based on the view that this criteria is a factor associated with greater severity and instability compared to Group I. Dorsal angulation ≥ 20º was also included in our classification as an instability factor in Group I, subgroup IC, and in Group II, subgroup IIB, but only where this deviation corresponded to a metaphyseal fragment associated with intra-articular fracture. Loss of radial height ≥ 9mm was also included as another instability factor in Groups I and II, subgroups IC and IIB, respectively.

We elected to include fractures with single or multiple intra-articular fragments and spacing ≥ 2mm in Group II (subgroup IIA), associated with metaphyseal fragment, comminuted or otherwise, with dorsal angulation ≥ 20º and/or radial shortening ≥ 9mm (subgroup IIB), and not to include metaphyseal dorsal fragmentation as a separate instability factor.

The inclusion of the distal ulna fracture as an isolated instability factor is debatable. We believe that stability should be tested pre-operatively, after stabilization of the fracture of the radius. Some authors indicate that surgical management is unnecessary unless the distal radio-ulnar joint is unstable after fixation of the fracture of the radius[@B9].

Burstein[@B10] suggests that all classification systems be submitted to previous tests of reliability and reproducibility prior to their use. For the tomographic classification presented, reliability and reproducibility studies are planned to test the applicability of the system in routine practice.

Intra-articular distal radius fractures were organized into three larger groups in increasing order of severity (fractures without displacement, fractures with displacement and fractures-dislocations). Likewise, the subgroups were also organized into three divisions (A, B and C) again in increasing order of severity, starting with the fracture line of \< 2mm of spacing between fragments in the distal radio-ulnar or radiocarpal articulation (IA), in both distal and radio-ulnar and radiocarpal joints (IB) or either of the two joints associated with metaphyseal fragment with dorsal angulation ≥ 20º and/or loss of radial height ≥ 9mm (IC). These fractures generally have a good prognosis.

Group II fractures differ in severity from Group I fractures in that they have spacing between articular fragments ≥ 2mm. When there is only this intra-articular space, the fractures are considered to belong to subgroup IIA. If, besides the spacing ≥ 2mm, there is also the presence of metaphyseal fragment with angulation ≥ 20º and/or radial shortening ≥ 9mm, these cases are classified into subgroup IIB. On the other hand, if the fracture has any depression of the scaphoid and semilunate fossae and/or of the sigmoid notch, irrespective of the presence of angulation and/or loss of radial height, they are deemed to have greater severity and complexity and are classified into the IIC subgroup. The prognosis is more disfavorable compared to the previous classification, given that failure to achieve harmonic reestablishment of the articular congruence can lead to collapse of the fragments, early osteoarthrosis, chronic pain in the hand and limitation in movements.

Lastly, Group III comprises all intra-articular fractures of the distal extremity of the radius associated with dislocation, irrespective of the presence or otherwise of spacing and articular depression, fragmentation, angulations and loss of radial height. These cases may present as radiocarpal dorsal dislocation (IIIA), radiocarpal volar dislocation (IIIB) or as intra-articular fracture of the distal end of the radius associated with perilunate dislocation of the carpus. These are extremely serious and complex lesions, associated with an unfavorable prognosis, particularly when not recognized and treated rapidly and effectively, potentially evolving to collapse of the fragments, early osteoarthrosis, articular block and chronic pain.

In terms of limitations, although all 74 cases were included in our classification, a larger number of images could increase the confidence that many patterns of fracture are covered in the classification. Future studies including new images and investigations on reliability and reproducibility should be implemented so that this tomographic classification can be adapted if necessary and applied in clinical practice to help medical residents and surgeons by providing a more straightforward and reliable classification, establishing accurate treatment approaches and predicting the prognosis of lesions.

CONCLUSION
==========

The tomographic classification proposal for distal radius fractures is applicable only to intra-articular fractures.

The tomographic classification proposal has the advantage of encompassing the known intra-articular patterns into only three groups, comprising nine logical easy-to-memorize possibilities in increasing order of severity of articular involvement.
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